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CHAPTER 1: INTRODUCTION

Key Points

e Section 303(d) of the Clean Water Act requires states to compile a list of “impaired” water
bodies that do not meet water quality standards.

e In 1990, the Water Board listed Napa River as impaired by sedimentation based on evidence
of widespread erosion, and concerns regarding adverse impacts to fish.

e This report contains Water Board staff analyses and findings pertaining to sediment
impairment in the Napa River.

We prepared this report to provide an opportunity for interested parties to comment on the
scientific basis for the TMDL, and to provide a framework for discussion of implementation
actions that may be needed to resolve sediment impairment and enhance steelhead and salmon
populations within Napa River watershed. Prior to considering any changes in regulatory policy,
we plan to present and discuss the proposed TMDL during upcoming public meetings. We
expect the proposed regulatory policy to be improved as a result of the knowledge and
involvement of the stakeholders of the Napa River watershed.

1.1 Background

In 1967, the California Legislature established the State Water Resources Control Board (State
Board), and the nine Regional Water Quality Control Boards (Regional Boards) to regulate and
protect water resources for the use and enjoyment of the people of the state. The State Board
administers water rights, water pollution control, and water quality functions as part of the
California Environmental Protection Agency. The State Board provides guidance to the Regional
Boards, which conduct regulatory planning, permitting, and enforcement activities to protect
water resources from pollution. Water pollution control regulatory authorities of the State Board
and the Regional Boards are shared and derived from the state Porter-Cologne Act and federal
Clean Water Act. The California Regional Water Quality Control Board, San Francisco Bay
Region (Water Board) regulates surface and groundwater quality throughout the Bay Area
including Napa River and its tributaries. By law, the Water Board is required to develop, adopt,
and implement a Water Quality Control Plan (Basin Plan) for the San Francisco Bay region. The
Basin Plan specifies and describes:

e Designated beneficial uses of water

e Water quality objectives, which are parameters that can be evaluated to determine
whether the designated beneficial uses are protected

e Implementation plans and policies to protect water quality



Designated beneficial uses of water for the Napa River include the following:
e Water supply (agricultural, municipal, and domestic)
e Recreation (fishing, swimming, boating, etc.)
e Navigation
e Fish migration and spawning
e Cold and warm freshwater habitats
e Wildlife habitat
e Preservation of rare and endangered species

Beneficial uses adversely affected by excess sediment in the Napa River are recreation (i.e.,
fishing), cold freshwater habitat, fish spawning, and preservation of rare and endangered species.

As designated in the federal Clean Water Act, the State Board and the Regional Boards share
several water pollution control responsibilities, including establishment of ambient water quality
standards. Ambient water quality standards include beneficial use protection and water quality
objectives (described above), and an anti-degradation policy. The anti-degradation policy
requires that where water quality is better than needed to protect beneficial uses, that such
superior water quality be maintained. Furthermore, Section 303(d) of the Clean Water Act also
requires biennial assessments to determine whether ambient water quality standards are being
achieved in individual water bodies throughout the United States.

In 1990, based on evidence of widespread erosion and concern regarding adverse impacts to fish
habitat, the Water Board listed the Napa River as impaired by sedimentation. The primary
impetus for listing was a concern regarding substantial decline since the 1940s in abundance and
distribution of steelhead and salmon in the Napa River and its tributaries. As a result of the
sediment impairment listing, the Water Board is required to prepare a total maximum daily load
(TMDL). A TMDL involves development of a pollutant budget and a control plan to restore the
health of a polluted water body. Key components of a TMDL include the following:

e Problem statement
e (Pollutant) Source analysis

e Numeric targets (e.g., specification of water quality parameter[s] that can be measured to
evaluate attainment of water quality standards)

e Linkage analysis (between pollutant sources and numeric targets)
e Pollutant load allocations
e Implementation plan (to attain and maintain water quality standards)

e Monitoring plan (to evaluate progress in achieving pollutant allocations and numeric
targets)

To improve understanding of the significance of sediment pollution relative to other factors that
may be limiting steelhead and salmon populations, the Water Board partnered with the State
Coastal Conservancy to fund the Napa River Basin Limiting Factors Analysis (Stillwater



Sciences and Dietrich, 2002). The limiting factors analysis documented two adverse impacts of
erosion and sedimentation on salmon and steelhead habitat:

e Low permeability values indicating a high concentration of fine sediment in the
streambed

e Channel incision in mainstem Napa River

Channel incision, which occurs in Napa River and lower reaches of its tributaries, has greatly
reduced the quantity and quality of spawning and rearing habitat for salmon, and appears to be
the most important factor limiting Chinook salmon reproductive success and smolt survival
under current conditions (Stillwater Sciences and Dietrich, 2002). High concentrations of fine
sediment deposited in the streambed at potential spawning and rearing sites for salmon and/or
steelhead in Napa River and its tributaries causes high rates of egg and larval mortality during
incubation, and also degrade the quality of juvenile rearing habitat for steelhead and salmon.
Increases in the amount of fine sediment deposited in the streambed are contributing to the
decline of what appears to be a very small run of steelhead. Other factors including poor flow
persistence during the dry season and poor habitat access appear to be the most important factors
that limit steelhead productivity and survival in the Napa River watershed at present (Stillwater
Sciences, 2002). We conclude that progress towards resolution of all factors limiting steelhead
productivity and survival in the Napa River watershed is needed to conserve and recover
steelhead populations. Therefore, we recommend actions to reduce sediment supply, and protect
or enhance baseflow, stream temperature, habitat complexity, and fish passage as elements of the
implementation plan that is presented in Chapter 6.



1.2 Document Organization

Chapter 1. Introduction. Provides background regarding the responsibilities of the Water
Board, the TMDL program, and the problems of sediment and other limiting factors. The
introduction also describes the purpose of the draft technical report, and outlines subsequent
steps in the TMDL process.

Chapter 2. Problem Statement. Describes the relationships between the identified pollutant
(sediment), applicable water quality objectives and beneficial uses, and current water quality
conditions in Napa River and it is tributaries. The problem statement also describes factors
limiting steelhead run-size in the Napa River watershed.

Chapter 3. Sediment Source Analysis. Presents the approach, methods, and results of the
sediment source analysis

Chapter 4. Numeric Targets. Presents the rationale to support proposed water quality
parameters and numeric targets, and their relation to the attainment of applicable water quality
standards

Chapter 5. Linkage Analysis and Allocations. Describes hypothesized linkages between
sediment loads and habitat conditions, and therefore provides the rationale for estimating the
assimilative capacity for sediment in the Napa River. Allocations are amounts of sediment
allocated to each source category, including a margin of safety to account for uncertainty in
estimating loads and assimilative capacity, and allowance for future growth.

Chapter 6. Implementation Plan. Discusses actions needed to attain water quality standards for
sediment and to protect and/or enhance other stream habitat conditions and includes a monitoring
plan.

Chapter 7. Regulatory Analysis. Contains legally required analyses of potential environmental
impacts and costs that may be associated with the adoption of the proposed Basin Plan
amendment.



CHAPTER 2: PROBLEM STATEMENT

Key Points

e Fine sediment clogs spawning gravels and degrades rearing habitat contributing to
decline of salmon and steelhead in the Napa River watershed.

e Channel incision is the key factor in the decline of Chinook salmon.
e Channel incision is a controllable water quality factor.

e Low summer base flow and poor habitat access appear to be the most important
factors in the decline of steelhead.

e The Water Board is obligated under the Clean Water Act to develop a sediment
TMDL for the Napa River.

2.1 Summary

The TMDL problem statement describes the relationships between the identified pollutant
(sediment), applicable water quality standards, and current water quality conditions in the Napa
River. Water quality standards are composed of three parts:

e A statement of designated uses for a specified body of water (beneficial uses)

e One or more water quality parameters that can be evaluated to determine whether
beneficial uses are protected (water quality objectives)

e An anti-degradation policy, which requires that where water quality is better than needed
to protect beneficial uses, those superior water quality conditions must be maintained

Water quality standards for the Napa River and its tributaries are specified in the Water Quality
Control Plan for the San Francisco Bay Basin (Water Board, 1995). Water quality objectives
related to sediment and aquatic life and relevant beneficial uses are listed in Table 1.



Table 1. Water Quality Objectives and Sediment-Related Beneficial Uses

Beneficial Uses

Water Quality Objectives

Cold Freshwater Habitat
Fish Migration

Preservation of Rare and Endangered
Species®

Fish Spawning
Warm Freshwater Habitat
Wildlife Habitat

Recreation

Increase from background

Turbidity <10% where natural turbidity
is >50 NTU*
. Should not cause a nuisance or
Sediment o
adversely affect beneficial uses
Settleable Should not cause a nuisance or
Material adversely affect beneficial uses

Suspended Material

Should not cause a nuisance or
adversely affect beneficial uses

Cold Freshwater Habitat
Fish Migration

Preservation of Rare and Endangered
Species

Fish Spawning

Population
And
Community Ecology

The health and life history characteristics
of aquatic organisms in water affected by
controllable water quality factors shall not
differ significantly from those for the
same waters on areas unaffected by
controllable water quality factors

Note: Bold text indicates water quality objective is not being attained.

*NTU Nephelometric Turbidity Unit

With regard to the problem of sediment in Napa River, we find that:

e Populations of steelhead and salmon in the Napa River and its tributaries have declined
substantially since the late 1940s (USFWS, 1968; Leidy et al., 2003).

e There is evidence of accelerated erosion and sedimentation in the Napa River and its
tributaries (Soils Conservation Service, 1985; White, 1985; WET, 1990; and Stillwater

Sciences and Dietrich, 2002).

e The problem of sediment is expressed by high concentrations of fine sediment deposited
in the streambed at potential spawning and rearing sites for steelhead and salmon®.
Excess fine sediment in the streambed can cause poor incubation conditions for fish eggs,

! preservation of rare and endangered species listed under state or federal law as rare, threatened, or endangered. Steelhead within the
Central California Coast, including the Napa River and its tributaries, are listed as threatened under the federal Endangered Species Act
(ESA). Fall-run Chinook salmon in the Napa River are not listed as threatened or endangered under the state or federal ESA, however,
they are rare in Bay Area streams. California freshwater shrimp have been found in the Napa River and a few of its tributaries. These

shrimp are federally listed as endangered species.

2 Adverse impacts may include: a) reduction in biomass of aquatic insect prey species that provide food for juvenile steelhead
and salmon; and b) significant reduction in quality of winter rearing habitat for juvenile steelhead, which use the open spaces
between clusters of cobbles and boulders as winter refuge from predators and high flows.




resulting in high mortality prior to emergence. When large amounts of fine sediment are
deposited, the streambed is also more vulnerable to deep scour during storms, which can
wash away eggs and thereby further reduce survival during incubation. High
concentration of fine sediment in the streambed also decreases the growth and survival of
juvenile salmon and steelhead.

e Rapid and active channel incision, or downcutting, in mainstem Napa River and its lower
tributary reaches and associated rapid and intensive erosion of stream terrace banks are
causing significant adverse changes to salmon habitat and are a significant sources of fine
sediment in the Napa River (Stillwater Sciences and Dietrich, 2002). The discharge of
sediment and the process of channel incision are occurring, in part due to controllable
water quality factors.®

Regarding sediment impairment we conclude that the narrative water quality objectives for
sediment and settleable material are violated because large amounts of fine sediment are
deposited in the streambed with significant adverse affects to cold freshwater habitat, wildlife
habitat, fish spawning, recreation, and preservation of rare and endangered species beneficial
uses. We find that channel incision harms physical habitat structure of the river by reducing the
quantity of gravel bars, riffles, side channels, and sloughs, which threatens Chinook salmon, and
other fish and aquatic wildlife species (Stillwater Sciences and Dietrich, 2002). Channel incision
is a controllable water quality factor that results in a violation of the narrative water quality
objective for population and community ecology (Table 1).

We have prepared a total maximum daily load (TMDL) for sediment in Napa River to quantify
the impact of excess erosion and sedimentation on fish populations and to develop an
implementation plan to achieve sediment-related water quality objectives to resolve threats to
Chinook salmon and steelhead. Resolution of sediment impairment in Napa River watershed is
one of several factors that need to be addressed to conserve and enhance the size of the steelhead
run. Other factors include the following:

e Poor baseflow persistence occurring in combination with stressful water temperatures
that appear to severely limit the growth of juvenile steelhead

e Poor access to-and-from potential spawning and rearing habitat, as a result of human
structures in channels and water uses that directly or indirectly block or impede
migration by adult and/or juvenile fish

e Habitat simplification, as a result of a reduction in the amount of large woody debris
in the channels (Stillwater Sciences and Dietrich, 2002)

In the implementation plan (Chapter 6), we present actions that are recommended to address all
of the above stressors on growth and survival of steelhead and salmon in Napa River watershed.

% Controllable water quality factors are those actions, conditions, or circumstances resulting from human activities that may influence the
quality of the waters of the state and that may be reasonably treated.



2.2 Detailed Problem Statement

We reviewed available information to conclude that there has been a significant decline in the
distribution and abundance of steelhead and coho salmon in the Napa River and its tributaries
since the late 1940s (U.S. Fish and Wildlife Service, 1968; Anderson, 1969; and Leidy, 2003).
The U.S. Fish and Wildlife Service (1968) estimates that the Napa River watershed once
supported runs of 6,000-8,000 steelhead, and 2,000—4,000 coho salmon, and that by the late
1960s, coho salmon were extinct in the watershed, and the steelhead run had reduced to about
1,000 adults.® At present, the steelhead run is estimated at less than a few hundred adults (Emig
and Rugg, pers. com., 2000 and Leidy et al., 2003).

Much less information is available to evaluate status and trends in population of Chinook salmon
in Napa River. We are not aware of any historical research that has been conducted to determine
whether Chinook salmon are native to Napa River. However, recent studies in Sonoma and Putah
creeks, which border Napa River, document the historical occurrence of native fall-runs of
Chinook salmon in both streams (Dawson, 2002 and Yoshiyama et al., 2000). These streams
have flow regimes that are similar to Napa River, and up until recent decades, Sonoma, Putah,
and Napa all had gravel-beds and bar-pool channels that could have provided abundant spawning
and rearing habitat for Chinook salmon. Considering the above information, we conclude that it
is likely that the Napa River also supported a native fall-run of Chinook salmon. In recent years,
we estimate that a few hundred or more Chinook salmon spawned in the Napa River.*

In 1990, based on evidence of widespread erosion (USDA Soil Conservation Service, 1985;
White, 1985) and the resulting threat to fish habitat (Cordone and Kelly, 1961), the Water Board
listed the Napa River as impaired by sedimentation. The primary impetus for listing was concern
regarding the decline since the 1940s in abundance and distribution of steelhead trout.

To improve understanding of current fisheries habitat conditions and the significance of sediment
pollution relative to other factors that may be limiting populations of steelhead and salmon, the
Water Board partnered with the State Coastal Conservancy to provide funding for the Napa
River Basin Limiting Factors Analysis (Stillwater Sciences and Dietrich, 2002). The limiting
factors study documented two adverse impacts of sediment pollution on steelhead and salmon
habitat. The first impact is due to a high concentration of fine sediment deposited in the
streambed, which adversely affects spawning and rearing habitat for both species. The second
impact is due to channel incision, which occurs primarily in the mainstem and lower tributaries
and affects Chinook salmon to a much greater extent (because most steelhead spawn further
upstream in the tributaries). These sediment-related impacts are discussed below:

e Documentation of low permeability values at potential spawning sites for salmon
indicates a high concentration of fine sediment in the streambed. Successful salmon and
steelhead reproduction depends on adequate water flow through gravel in order for eggs

® Similarly, Anderson (1969) estimated that the steelhead run in the Napa River watershed numbered 1,000 to 2,000
in the late 1960s.

* The Napa County RCD conducted formal surveys to estimate number of adult Chinook salmon entering the river
to spawn, and to estimate number of spawning sites. These surveys were conducted in November and December of
2004 within a three-mile long reach of the mainstem near Rutherford (J. Koehler, unpublished data). During the
fall-winter of 2004, Napa County RCD documented over 100 adult salmon in the Rutherford sub-reach.



to hatch and larvae to grow. If fine sediment clogs the gravels, flow is very slow, egg
mortality can be very high, and few young fish (fry) may emerge from the streambed.
Low gravel permeability is predicted to cause high rates of mortality between spawning
and emergence at potential spawning sites in Napa River and its tributaries.

e High concentration of fine sediment in the streambed also can cause significant decreases
in growth and survival of juvenile salmonids during freshwater rearing by reducing
availability of vulnerable prey species and increasing activity level, aggressive behavior,
and attacks between juvenile salmonids (Suttle et al., 2004).

e Juvenile steelhead use open spaces between clusters of large cobbles and/or boulders as
winter refuges from predators and high flows (Hartman, 1965; Chapman and Bjorn,
1969; and Meyer and Griffith, 1997). As the concentration of fine sediment in streambed
increases, quality of winter rearing habitat is significantly diminished with consequent
adverse impacts to survival.

e Scour of spawning gravel during commonly occurring peak flows (e.g., bankfull) can be
a significant source of mortality to incubating eggs and larvae of salmon and trout species
(McNeil, 1966; Montgomery et al., 1996). Human actions that increase rate of sediment
supply, and/or cause it to become finer, will cause the streambed to become finer,
facilitating an increase in mean depth and/or spatial extent of scour (Carling, 1987).

e Active and rapid channel incision in mainstem Napa River and lower reaches of its major
tributaries has greatly reduced quantity of gravel bars, riffles, side channels, and sloughs,
and has greatly decreased frequency of inundation of adjacent flood plains. These
features and processes provide essential spawning and juvenile rearing habitat for
Chinook salmon, which reside primarily in the mainstem Napa River. Therefore, channel
incision appears to be a key factor limiting Chinook salmon run size. Channel incision,
and associated bank erosion in areas underlain by thick alluvial deposits, also appears to
be a significant source of sediment delivery to Napa River.

In addition to the threat high concentrations of fine sediment in the streambed pose to fish
populations, the Limiting Factors Analysis identified other factors that are critically important to
the health of steelhead populations. Each of the following stressors can adversely affect steelhead
growth and survival in Napa River watershed:

Habitat Access: A large number of structures (dams, road crossings, weirs, etc.) have
been constructed in Napa River tributaries (Dietrich et al., 2004). Many of these
structures present direct or indirect (e.g., flow-related) barriers and/or impediments to
adult steelhead spawning migration into the tributaries and/or the migration of juvenile
steelhead (smolts) out of the tributaries on their journey to rear in the ocean.

Physical Habitat Structure: The occurrence and frequency of deep pools in Napa River
tributaries has decreased during the historical period. Deep pools with good cover
provide high quality holding habitat for adult steelhead during their spawning migrations,
essential summer habitat for older juvenile steelhead, and may also provide important



winter high-flow refuge habitat for older juvenile steelhead. The number of older and/or
larger, juvenile steelhead that can be produced is quite important because there is a strong
relationship between size of juvenile steelhead (smolts) when they migrate to the ocean,
and proportion that successfully return to spawn. This is because larger fish are better
able to evade predators and to survive the long migration to the ocean. Pools appear to be
less frequent in tributaries than we would expect to have occurred under historical
conditions, when large woody debris would have created obstructions in the channels and
caused deep pools (with good cover) to be formed. The amount of large wood in channels
also appears to be low when compared to similar streams draining watersheds covered by
mixed evergreen forests. Large wood is a primary agent for the formation of deep pools,
complex cover, and retention of spawning gravels in channels that provide significant
amounts of potential habitat for steelhead. Habitat in tributary streams draining mixed
evergreen forests, primarily those located on the west side of the watershed and those
draining Howell Mountain, have been simplified as a result of a reduction in amount of
large wood in the channels (Stillwater Sciences and Dietrich, 2002).

Low Summer Flow and Elevated Temperature: Typical summer water temperatures in
tributaries are stressful to juvenile steelhead and flow persistence over riffles is poor.
Low or no flow over riffles greatly reduces the supply of drifting aquatic insects
produced in riffles, which typically provide the primary source of food for juvenile
steelhead. Poor baseflow persistence and stressful water temperatures act in a synergistic
fashion, and appear to severely limit growth of juvenile steelhead during the summer
months. Reduction in growth rate is important because smaller juvenile trout experience
much higher rates of mortality during all phases of freshwater rearing, ocean migration,
and during ocean rearing life stages. Therefore, poor juvenile growth rate during the
summer in the freshwater environment has the potential to greatly reduce the number of
adult steelhead that ultimately return from the ocean to spawn in the Napa River
watershed®.

Following completion of the Napa River Basin Limiting Factors Analysis, University of
California, Berkeley, in partnership with the University of Florida and with the assistance of
Napa County, developed a high-resolution digital topographic map to accurately map the
locations and extent of channels and reservoirs throughout the Napa River watershed. Dietrich et
al. (2004) identified over 1,000 dams within the watershed, over 400 of which are located on
tributary channels that drain approximately 30 percent of the total land area (Map 1). These dams
exert a significant influence on routing of physical products (water, heat, nutrients, sediment, and
wood), and the movement of fish and aquatic wildlife through channels in the Napa River

® As part of the Limiting factors analysis, stream temperatures were continuously monitored from early August 2000
through early October 2001 at 22 sites in 13 tributaries, and 5 sites in 3 reaches of mainstem Napa River. Typical
daily average temperatures during summer were between 59-68°F. Temperature data and analysis are presented in
Napa River Basin Limiting Factors Analysis (Stillwater Sciences and Dietrich, 2002).

® We have not determined the extent to which poor baseflow persistence can be explained by natural conditions
versus human water uses. However, considering the ecological significance of reduction in growth rate, follow-up
research is now in progress to confirm whether poor summer growth is a spatially extensive phenomena in some or
all water year types, and whether poor summer growth can be offset by high rates of growth during the spring and
fall. These studies will be completed by the fall of 2006.

10



watershed’. Because dams capture all of the coarse sediment delivered to channels above dams
(and some of the fine sediment), it likely that dams are affecting or influencing the channel
incision and associated bank erosion that has been documented in the mainstem of the Napa
River and along the lower reaches of its tributaries.

Based on the results of the Napa River Basin Limiting Factors Analysis and the other sources
cited above, we conclude that the narrative water quality standards for sediment, settleable
material, and for population and community ecology are not attained as a result of erosion and
sedimentation in the Napa River and its tributaries. As such we are required to develop a total
maximum daily load (TMDL) for sediment.

In Chapter 3, we present the sediment source analysis to further refine our description of current
channel conditions with regard to erosion and sedimentation, and to address the following
sediment-related questions:

e What are the relationships between sediment input to channels, channel sediment
transport capacity, and streambed permeability values in Napa River and its tributaries?

e How important are natural processes and human alteration of the land with regard to
input of fine sediment to channels?

e Is channel incision and associated bank erosion, a large source of sediment input to
channels? How do this source compare/rank in relation to other natural and human
generated (anthropogenic) sediment sources?

" Because most on-channel dams are upstream of natural limits of steelhead spawning, only a small percentage of
the dams are direct structural barriers to steelhead migration. However, considering the large number of dams and
large percentage of watershed draining into reservoirs, it appears that dams may exert significant indirect
influence(s) on steelhead and salmon migration through a reduction in baseflow magnitude and/or duration
downstream of the dams in some tributaries and/or reaches of mainstem Napa River.
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CHAPTER 3: SOURCE ANALYSIS

Key Points
e Sediment loads vary depending on geologic terrain, land uses, and dams.

e More than half of all sediment delivered to channels comes from roads, erosion of the bed
and banks of Napa River and lower tributary reaches, vineyards, and intensive historical
grazing.

e 30 percent of the watershed drains into dams, capturing a significant fraction of all
sediment input to channels, nevertheless fine sediment load remains substantially
elevated in Napa River.

e In addition to being a significant sediment source, erosion of the river’s bed and banks is
degrading aquatic habitat.

3.1 Introduction

This section identifies sediment sources linked to: 1) the high concentration of fine sediment in
the streambed (Figure 1); 2) active-and-rapid incision of mainstem Napa River and lower reaches
of its tributaries, which causes significant degradation of physical habitat structure and also
appears to be a significant sediment source (Figure 2). The problems of high concentrations of
fine sediment in the streambed and channel incision are described in detail in the problem
statement and numeric targets chapters.

A TMDL must identify pollutant source categories and estimated loads associated with each
source. We used a “rapid sediment budget approach” to identify significant processes that deliver
sediment to Napa River and its tributaries, and to estimates rates and sizes of sediment input to
the channel network during the most recent decade.® Reid and Dunne (1996) define a sediment
budget as follows:

“A sediment budget is an accounting of the sources and disposition of
sediment as it travels from its point of origin to its eventual exit from a
drainage basin.”

We chose the most recent decade (1994-2004) as our measurement period because it follows
enactment of Napa County’s Hillside Conservation Regulations and therefore reflects current
land use practices. Complicating the analysis of sediment inputs to Napa River and its tributaries
is the occurrence of over 400 dams located on tributaries to the Napa River (Dietrich et al., 2004;
Maps 1 and 2). Considerable effort was expended by scientists at Stillwater Sciences and UC
Berkeley to map locations of dams in relation to the channel network, which we then used to

& A rapid sediment budget is a measurement technique that can be performed over a short period of time to provide
approximate estimates of rates and sizes of sediment input to channels. Estimated rates are expected to be within a
factor of two of actual values. See Reid and Dunne (1996) for more information on this topic.
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identify portions of the channel network located upstream of dams, and the effects of dams on
sediment supply to downstream reaches.
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Figure 1. Relationship Between Fine Sediment Deposition and Streambed
Permeability.
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Figure 2. Channel Incision between 1940 and 1998 in the Napa River

at Soda Creek
In the 1940 photograph, the channel bed alternates between gravel bars (light-colored
arcs) and pools (dark areas). In the 1998 photograph, with the exception of the left
edge of the photograph, no gravel bars are evident, the channel has narrowed, and it is
straighter.

Source: Stillwater Sciences and Dietrich (2002).
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The Napa River sediment source analysis identifies key sediment sources and sheds light on the
following questions:

e What are the relationships between sediment input to channels, channel sediment
transport capacity, and streambed permeability values in Napa River and its tributaries?

e How important are natural processes and human alteration of the land with regard to
input of fine sediment to channels?

e Is channel incision and associated bank erosion, a large source of sediment input to
channels? How does this source compare/rank in relation to other natural and human
generated (anthropogenic) sediment sources?

In the following section we describe our approach, present data we collected, and report
estimated rates of human caused and naturally occurring sediment inputs to channels.

3.2 Key Attributes that Influence Sediment

Input into Napa River and its Tributaries
Primary controls on rates and sizes of sediment input to Napa River watershed channels are:
1) geology or the hardness of bedrock and sediment deposits; and 2) influences of land-use
activities on vegetation cover, soil attributes, and topography.® The potential significance of
these attributes on sediment supply is discussed below. An introduction to the recent history of
mountain building in the watershed is first provided to set the stage for exploring why variability
in bedrock hardness is particularly important in Napa and other parts of the California Coast
Range.

Napa Valley and its surrounding ridges, the Vaca and Mayacama mountains, are geologically
recent features, formed within the last three million years in response to slight shifts in the
direction of movement of the Pacific Plate. This movement caused a small component of
compression along the San Andreas Fault system, and the formation of the California Coast
Range (Swinchatt and Howell, 2004). The Vaca Mountains, Mayacama Mountains, and Napa
Valley are being actively shaped and changed by ongoing movement along active faults and
folds. In such active landscapes, hills underlain by erosion resistant bedrock types (hard rocks)
maintain steep slopes and low erosion rates as uplift occurs. In contrast, bedrock types that have
a low resistance to erosion (soft rocks) as they are uplifted respond much more rapidly, erode
into gentle and more deeply dissected slopes, and deliver much greater quantities of sediment to
the channels that drain them.

Hardness of common bedrock units found in Napa River watershed varies substantially in
relation to texture and structure of the rock types, conditions under which the rocks were formed,
and amount of subsequent weathering and tectonic deformation (faulting and folding of rocks).
For example, lava flows of the Sonoma Volcanics Formation are hard because they are formed
from molten rock (lava) that is rapidly cooled and hardened when it reaches the earth’s surface.

° Changes in vegetation cover, soil attributes (e.g., infiltration capacity and permeability), and topography (e.g., road
cuts and inboard ditches) may cause significant changes in runoff rate and locations, and significant changes in the
resistance of the landscape to erosion.
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Also, these lava flows are hard because they are geologically recent deposits that have
experienced low to moderate amounts of subsequent weathering and tectonic deformation. In
contrast, another unit within the Sonoma Volcanics Formation, air-fall deposited volcanic ashes
(ash-flow tuffs), although also recently deposited, are composed primarily of very fine-grained
material that was erupted into the air, and then deposited shortly thereafter as unconsolidated air-
fall deposits. Fine texture and poor consolidation, in contrast to lava flows, promotes much more
rapid weathering of the ash flows into soft clays that are easily eroded when vegetation or soils
are disturbed.

The importance of environmental conditions during bedrock formation in influencing hardness is
also illustrated by examining the Franciscan mélange and sheared serpentinite units, which
underlie most of the Sulphur Creek and Bear Canyon tributary watersheds. The fine-grained
ocean-floor rock types that form the bulk of the mélange have been intensively sheared and they
are composed of a mechanically incompetent matrix that engulfs occasional large pieces of hard
rock referred to as blocks. Given the intensive tectonic deformation during the formation of the
mélange and sheared serpentinite units, large deep-seated landslides are common features in
these units, which we believe are caused primarily by the natural attributes of these bedrock
types versus historical and/or recent disturbances from land-use activities.

In addition to bedrock, extensive areas of the watershed are underlain by thick deposits of
sediment, derived from erosion of upland bedrock units and soils. Swinchatt and Howell (2004)
suggest that most of these sediments were deposited during the past 10,000 to 15,000-years, in
response to worldwide sea-level rise associated with the end of the most recent glacial epoch.
These deposits are composed primarily of sand and coarser-grained sediments that typically are
not cemented, and hence are classified as soft deposits. Although most fan and valley fill
deposits are soft, sediment accumulation was favored over erosion at these sites up until the
historical era. As the watershed was developed, upslope disturbances of vegetation and soil
likely increased runoff rates and sediment input to channels. These historical and recent impacts,
in combination with direct alterations of channels and adjacent flood basins, have destabilized
channels where they traverse alluvial fan and valley deposits. This has led to active and rapid
channel down-cutting and accompanying bank erosion that is widespread along Napa River and
lower reaches of many of its tributaries today.

Within a given bedrock or sediment deposit type, we hypothesize that land-use activities exert a
significant influence on total rate and sizes of sediment input to channels (hereafter referred to as
sediment supply). This point is illustrated by describing some specific mechanisms by which
common land uses in Napa River watershed may increase erosion rates. For example, intensive
grazing has the potential to reduce ground-cover vegetation density, change vegetation structure
and species assemblage, and compact soils causing infiltration capacity and permeability to be
reduced. The above effects of grazing, in turn, may greatly increase overland flow runoff during
storms, leading to significant increases in the rates of surface erosion from sheetwash, rilling,
and gullies. Gully erosion may also cause significant local changes in hillslope topography and
mass, which has the potential to activate landslides.

Other common land uses also may cause significant changes in rate, volume, and locations of
storm runoff. For example, where hillside vineyards replace mature mixed evergreen forests,
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peak runoff rate and volume from the vineyard site may be increased substantially because
mature conifers intercept a significant proportion of the total rainfall in a storm, greatly reducing
the rate of delivery (and in some cases total amount) of rainfall that is input into the soil.
Furthermore, if vineyard development involves installation of subsurface drainage pipes, more
storm runoff, at a faster rate, may be discharged off-site than under natural conditions. Finally, if
discharges from drainage pipes are collected at a single point of discharge, there is the potential
to further concentrate runoff volume (Figure 3). The above effects have the potential to cause
off-site gully erosion and/or shallow landslide failures, most often at or near the points of
discharge from the site and in locations where hillslope soils and bedrock are soft (easily
eroded).

= 1Y

Figur 3. IIy Formed by Discharge of Concentrated Runoff
from Hillside Vineyard

A third example of the effects of land use on sediment supply is illustrated by examining the
effects of roads. Road cuts intercept subsurface drainage, speeding up runoff rate. Roads also
usually change the distribution of runoff from the hillslope. Inboard ditches and compacted road
surfaces substantially increase the rate, volume, and locations of direct runoff from these areas,
which can cause the road surfaces and ditches to rapidly erode (Figure 4). Road cuts and fills
alter drainage pathways, and the distribution of mass on the hillslope, often contributing to
greater rates of landslide activity. Also, road crossings (over channels), may be undersized for
the conveyance of peak runoff rates, and/or may be easily plugged by large debris during storms
causing overtopping and/or diversion of channel flows, with resulting channel crossing erosion,
and/or gully erosion through diversion of channel flows to another channel or hillslope location.
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Figure 4. Rills and Gullies on a Compacted Dirt Road
Gully forms where runoff depth and slope are sufficient to erode
soft colluvium at this site, which is underlain by the mélange
bedrock unit.

3.3 Definition and Delineation of Terrain Types

As described above, hardness of bedrock units and sediment deposits, and land-use activities
exert primary influences on sediment supply to channels. To confirm this relationship and
provide a basis for watershed-wide sediment supply extrapolation from a limited sample of sites,
we defined and delineated a suite of sediment supply terrain types that occur within Napa River
watershed. We hypothesize that within each defined terrain type, key attributes that influence
sediment supply to channels are similar in response to natural disturbances and land-use
activities. We then test our hypothesis by measuring sediment input rates to channels at sites
grouped by terrain type, and within each defined terrain type, at sites that vary with regard to
primary land-use activities.

We defined and delineated sediment supply terrain types based on review of existing information
(WET, 1990; Ellen and Wentworth, 1995; and Stillwater Sciences and Dietrich, 2002), recent
aerial photographs (Napa County, 1993 and 2002), and extensive field reconnaissance over much
of the watershed during the summer and fall of 2003 to identify significant active processes that
deliver sediment to channels, and relationships to land uses, topography, and underlying bedrock
types and/or sediment deposits.’® Based on field reconnaissance and review of available
information, we identified four major categories of active and potentially significant processes
that deliver sediment to channels**:

19 Field reconnaissance sites included Ritchie Creek, Mill Creek, Sulphur Creek, upper Conn Creek, Chiles Creek,
Milliken Creek, Suscol Creek, Tulocay Creek, Dry Creek, Carneros Creek, and mainstem Napa River between
Calistoga and St. Helena.

11 Although large, active deep-seated landslides are an important erosion process in some terrain units in Napa River
watershed, they do not directly deliver sediment to channels. Instead, sediment delivery occurs, primarily through
bank erosion, gullies, and shallow landslides that are located on the toes of deep-seated landslides.
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e Colluvial bank erosion?, gullies, and shallow landslides formed by natural processes,
and/or by land-use activities (e.g., concentrated or diverted runoff from roads, hillside
vineyard runoff, intensive grazing, etc.)

e Channel incision where human actions have destabilized streams underlain by deep
alluvial deposits

e Sheetwash and rill erosion associated with natural processes (e.g., drought and fire), and
land-use activities (e.g., vineyards and grazing)

e Road surface and channel crossing induced erosion

We then defined and delineated terrain types (Table 2) that are similar with regard to sediment
supply to channels under similar natural processes and human disturbances. The terrain types we
defined are derived from “hillside materials units” defined by Ellen and Wentworth (1995) based
on analysis of engineering properties of mapped geological formations. We modified their
classification by lumping together several units into four upland terrain types defined based on
bedrock hardness and/or amount of tectonic deformation and weathering, and which we list
below in order from lowest to highest predicted erosion potential:

e Hard rocks, primarily hard volcanic lava flows (low to moderate erosion potential)

e Sedimentary rocks of variable hardness and deformation (medium to high erosion
potential)

e Ash-flow tuffs (medium to high erosion potential)

e Intensively deformed Franciscan mélange and sheared serpentine (high to extreme
erosion potential)

We also defined a lowland terrain type, which lumps together all gently sloping to flat lying
alluvial fan and valley deposits. We predicted that the lowland terrain type has a high erosion
potential based on frequent observation of deeply incised channels and steep poorly vegetated
banks in alluvial valleys. Table 2 describes terrain types in further detail. Map 3 shows the aerial
extent and location within the Napa River watershed of each of our terrain types.

12 Colluvial refers to hillslope soil. Where channel banks are hillslopes, colluvial bank erosion delivers sediment to
channels.
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Table 2. Terrain Types Defined Based on Predicted Sediment Supply

Drainage Predicted | Units Surveyed
Terrain Tvoe” Hillside Materials Area 9 | Percent Study | Key Attributes with Sediment | to Estimate
yp Units* 2 Area Regard to Erodibility Input Sediment
(km?)
Rate Input Rates
Sonoma Volcanic Lava | 202, 204, 218, 219, Hard (little deformation and low to 218 219. 234
Flows (primarily hard 220, 234, 238, 240, 257 26.3 moderate modification by Low 238’ 240’ ’
lava flows) 253, 261, 262 weathering '
. Hard (little deformation and low to
Other Hard Bedrock 511 (Franciscan chert) 5.4 0.5 moderate modification by Low Not surveyed
Units 900 (Unsheared) .
weathering
Flat lying or gently sloping Extensive surveys
Alluvial Valley Fills and | NJA—Alluvial . ' . along mainstem
299 30.6 commonly unconsolidated and non- | High .
Fans Lowlands . and all major
cohesive . .
tributaries
Sonoma Volcanic Ash
Flows and Tuffs 270, 272, 273, 290 112 115 Medium to low hardness Medium | 270
(primarily air-fall ash,
some welded tuff)
Sandstones and Clayey | 100, 123, 141, 153, 100s are poorly consolidated; all
Rocks (variable 358, 381, 384, 410 other units are medium to low . .
' ' ' ' 239 24.5 hardness and/or have moderate to Medium 683/686
hardness and 415, 417, 439, 470, hiah fracturing as a result of
deformation) 519, 683, 686, 703 gh fracturing .
weathering and/or deformation
Franciscan Mélange
and Sheared 801, 802, 805 64.6 6.6 Intensively deformed High 801, 805
Serpentinite
Total 978 100.0

" Terrain types are defined by rock type (geological units) and slope category (upland or lowland)
¥ Units as defined and delineated by Ellen and Wentworth, 1995, who classify hardness of geological units as follows: hard - [rock] hammer bounces with solid sound;
medium hardness - [rock] hammer dents material with thud, and pick point dents or slightly penetrates material; low - pick point penetrates material.
8 Units 683/686 - Great Valley Formation constitutes about 2/3 of the total land area in the sandstone and clayey rocks land type.

NOTE: Does not include urban land cover categories (commercial, residential, industrial, parks, roads, etc.), which cover about 116 km? or about 10% of the watershed.
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3.4 Approach to Measurement of Sediment Input to Channels

Colluvial bank erosion, gully erosion, and shallow landslide erosion processes are active and
potentially significant processes that deliver sediment to channels in all of the upland terrain
types. Channel incision and accompanying stream terrace bank erosion occurs solely in the
alluvial valley and fan deposits. Sheetwash erosion occurs in all terrain types, and appears to be a
significant active process, where land uses such as intensive livestock grazing and vineyards
disturb soil and vegetation cover. Sheetwash erosion is also prevalent on earth-surfaced roads,
ditches, and cut banks of roads. Roads crossing erosion, and gullies and landslides caused by
road-related changes in hillslope runoff and/or distribution of mass, are also significant active
processes that deliver sediment to channels.

We organized our approach to the measurement and/or modeling of sediment input rates by the
above four major categories of active and potentially significant processes that deliver sediment
to channels as described below. Methods are described in Appendix I.

1) Gullies, Shallow Landslides, and Bank Erosion in Uplands

We conducted field surveys at nineteen upland sites to measure rates of sediment input to
channels during the most recent decade from erosion of gullies and shallow landslides. We also
conducted reservoir sedimentation surveys that together with other field observations and
measurements were used to estimate longer-term rates of total sediment input to upland channels
(Table 3). We also estimated colluvial bank erosion rates, which involved measurement of
channel network length using channel maps derived from the three-meter digital elevation
model, estimation of average rate of downslope movement of sediment on hillslopes based on
review of literature (Fleming and Johnson, 1975, McKean et al., 1993), observations of the depth
of colluvium exposed in hillside channels, and the assumption that over the long-term rates of
downslope movement on hillslopes are equal to rates of colluvial bank retreat.

The location of field survey sites was not random, and constrained primarily by our ability to
obtain permission for access to privately owned land, and by our available budget and schedule.
Nevertheless, for three of the four upland terrain types we defined (Franciscan mélange and
sheared serpentinite, lava flows and other hard rocks, sedimentary rocks) we surveyed one or
more sites where natural cover, vineyards, and/or livestock grazing are predominant cover types
or uses. At sites underlain by the ash-flow and tuff, we surveyed three sites, all of which are
currently dominated by natural land cover.

We also measured reservoir sedimentation rates and estimated trap efficiency at ten sites that
capture runoff from upland sites. Five of these sites are located immediately downstream of sites
where we also measured or modeled sediment inputs to channels from colluvial bank erosion,
gullies, and shallow landslides (Table 3). Because we did not observe any significant sediment
storage sites in channels draining into the reservoirs, we assume that sediment yields to
reservoirs match rates of sediment input to channels at the sites where we conducted surveys.
Therefore, reservoir sites provide a basis for estimating total sediment yields from the defined
terrain types under various combinations of land use.
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Table 3. Upland Measurement Sites

Terrain Type: Hard Flow Rocks

. DA Time Predominant Land Uses and Type of Measurement .
Site (km?) Period intensity/disturbances Surveys Key Upland Erosion Process(es)

Spence Creek Pond 0.21 | 1958-2004 | Natural grasslands Reservoir sedimentation | Soil creep and sheetwash

Kreuse Creek 3.14 | 1994-2004 | Natural grasslands; recent large fire Upland sediment inputs Soil creep, sheetwash, gullying

Milliken Reservoir 25.1 | 1926-2003 1981 Atlas P_eak fire; very low .roat_j dens_lty, large Reservoir sedimentation

cattle ranch in upper watershed; minor vineyard dev.

Bell Canyon Reservoir 13.9 | 1959-2001 | Minor amount roads and vineyards; historical logging | Reservoir sedimentation | ...

Conn Creek stock pond | 0.17 | 1977-2004 | High intensity grazing over small portion of the site Reservoir gedlme_ntatlon, Soil creep, gul!ylng, sheetwash,
upland sediment inputs shallow landslides

Redwood Pond 1 0.18 | 1981-2004 | Vineyard Reservoir sfed|me_ntat|on, Gullies, shallow landslides, soil creep
upland sediment inputs

Redwood V Creek 0.12 | 1994-2004 | Vineyard Upland sediment inputs Gullies, shallow landslides, soil creep

South Creek 1.0 1993-2003 | Low-intensity grazing Upland sediment inputs Soil creep and sheetwash

Central Creek 1.4 1993-2003 | Low-intensity grazing Upland sediment inputs Gullying, sheetwash, soil creep

Terrain Type: Volcanic

Tuff and Ash Flows

Historical: logging/grazing Present-day: low intensity

Kimball Canyon Dam 7.8 1940-2003 Reservoir sedimentation | Did not perform upland surveys
land uses, water supply
Ritchie Creek 6.4 1994-2004 H!storlcal: Iogglng Present-day: protected parkland Upland sediment inputs Deep-seqteq [andslldes, soil creep,
with low-density of roads and trails channel incision, and bank erosion
York Creek—st Historical: logging/grazing; Present-day: low-
: 5.9 1993-2003 | intensity roads, rural residential, and vineyard Reservoir sedimentation | Did not perform upland surveys

Helena Upper Dam

development

Terrain Type: Great Valley Formation and As

sociated Sedimentary Rocks

Redwood Swale 2 0.37 | 1994-2004 | Vineyard covers 100% of site Upland sediment inputs Gullying, soil creep

Redwood Swale 1 and . Reservoir sedimentation, . .

Pond 0.16 | 1981-2004 | Vineyard upland sediment inputs Gullying, soil creep
Carneros—Scott Creek 0.52 | 1949-2003 | Intensive historical grazing; actively grazed at present | Reservoir sedimentation Earthlows, gu_llymg, soil creep, and
Dam shallow landslides

Carneros—Scott Creek 19 1994-2004 Land-use as above; gullies primarily from historical Upland sediment inputs Earthflows, gullying, soil creep, and

Downstream of dam

grazing

shallow landslides

Terrain Type: Mélange

and Sheared Serpentinite

Reservoir sedimentation,

Conn (R pond) 0.03 | 1997-2004 | Intensive grazing at present upland sediment inputs Gullying, sheetwash, soil creep

Sulphur #1 51 1994-2004 Hlstorlcal grazing; Present-day: low-intensity Upland sediment inputs Deep-seated Iandslldt_es, gullies, soil
vineyard development creep, shallow landslides

Sulphur #2 1.0 1994-2004 | Historical grazing; roads traverse unstable slopes Upland sediment inputs Deep-seated landslides, gullies, soil

creep, shallow landslides
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Using all of the above information, we calculated:

e Median and average annual rates of cumulative sediment input to channels from colluvial
bank erosion, gullies, and shallow landslides during the most recent decade, for each of
the four defined terrain types

e Median and average ratios of anthropogenic to total sediment input (A/T) by the above
processes, during the most recent decade, and for each terrain type based on the range of
land-use activities at the sites where we conducted surveys

e Total sediment input rates from all delivery processes (or sediment yields) to reservoirs
over longer periods of time

2) Channel Incision and Stream Terrace Bank Erosion in the Alluvial Valleys and Fans
We use the term channel incision to refer to the progressive lowering of the streambed over
multiple decades-or-longer often accompanied by rapid rates of bank erosion. Mean annual
volume of sediment input to channels from channel incision was calculated as follows:

Average annual volumetric rate of channel incision (since start of incision) =

(width of incision) x (channel incision depth) x (channel length, where incision was recently
or is currently active) + (estimated number of years since start of incision).

In order to identify reaches, where channel incision was recently or is currently active, we
interpreted time-sequential aerial photographs (1940, 1952, 1985, 1993, 1998, and 2002), which
provide coverage for the Napa Valley*®. We also used these time sequential photographs to
estimate the timing of the initiation of channel incision in mainstem channel reaches, and in
some reaches of its larger tributaries. An example of how we estimated number of years since
the start of incision is described below.

In a reach where incision was noted for the first time on the 1993 photographs, considering the
dates of the time-sequential photographs used in our analysis (e.g., 1940, 1952, 1985, 1993,
1998, and 2002), we inferred that incision could have started as early as water year 1986.
Therefore, by our approach, we estimate that channel incision has been active for 18 years in the
above reach. Note, that our approach yields a maximum estimate for the number of years since
the start of incision.

Width of incision is assumed to equal width of the channel between left and right bank terraces
as measured in the channel at the base of the terrace. Channel width was measured in the field
by surveying tape or pace. Depth of channel incision was defined based on field observations of
differences in height between perched features and current streambed elevation (e.g., perched
tributary channels, perched former gravel bars that now are terrace benches covered by mature
even-age trees, bank stabilization structures and culverts that have been undercut, etc.). Height

3 Al of the aerial photographic surveys were conducted in the spring or summer months of the indicated year of the
survey.
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differences between the current elevation of the streambed and the perched features were
measured with a surveying rod.

Field surveys were conducted between the fall of 2003 and the winter of 2004 throughout 1-to-5-
kilometer-long alluvial reaches of Carneros, Heath Canyon, Mill, Milliken, Ritchie, and Sulphur
Creeks to observe and interpret channel features, as needed to estimate channel incision depth,
width, and age. The Principal Investigator also collected channel incision width, depth, and age
estimates throughout a 15-kilometer-long reach of mainstem Napa River, between Myrtledale
Road in Calistoga and Zinfandel Lane in St. Helena during the summer of 2000. We also used
data collected during a recent survey of the alluvial reaches of Huichica Creek to estimate
channel incision rates in this tributary (Collins, unpublished report, 1996). In addition to the
extensive channel surveys described above, we also surveyed short reaches of mainstem Napa
River and its tributaries where public roads follow or cross stream courses where stream reaches
can be observed and interpreted from the road (all public roads within the watershed that follow
stream courses were included in our survey).

3) Sheetwash Erosion from Land Uses

In the Napa River watershed, sheetwash erosion appears to be a significant active process for
sediment delivery to channels, where livestock grazing and vineyards disturb soil infiltration
capacity and/or vegetation cover. We used USGS land cover/use classification mapping, derived
from 1992 satellite imagery, to identify locations of vineyards and grasslands and estimate land
areas in each category. For each of these land use/cover types, we used the three-meter digital
elevation model to subdivide each vineyard and grassland site into sub-areas based on slope
steepness category (<5 percent, 5 to 30 percent, >30 percent). We then used the USLE model to
estimate soil erosion rates, and field surveys to estimate sediment delivery ratios to channels. We
assume that the vineyard and rangeland sites that we observed during watershed reconnaissance
and field surveys are representative of typical conditions throughout the watershed. In our
analysis of sheetwash erosion caused by grazing, we also assume only one-third of delineated
grassland and/or pasture areas (13,718 acres) are managed at present to provide forage for
livestock. This assumption is based on comparison of known areas of cattle grazing to mapped
areas of grasslands in Carneros Creek and Sulphur Creek watersheds, where mapped grassland
areas appear to be 2-to-4 times greater than areas currently being grazed. USLE model
parameter values (and basis for estimates) are presented and discussed in Appendix I.

4) Road Erosion Processes

We reviewed and interpreted recent road erosion surveys conducted by Pacific Watershed
Associates (PWA) in three Napa River tributary watersheds: Carneros, Dry, and Sulphur, where
we applied the tributary specific rates developed by PWA. Elsewhere in the Napa River
watershed, we estimated sediment delivery from road surface and crossing erosion, as follows.**
We compared road length and crossing frequency estimated from overlap of the channel network
map with the Napa County GIS layer for roads, which does not include most private roads, to the
complete maps of roads developed by PWA in the above three tributaries. We found the Napa
County road layer on average underestimates total road length by a factor of three, and total
crossing frequency by a factor of 1.5. Therefore, in using the Napa County GIS road layer to

! Road-related gullies and landslides that are located downslope of the roads are tabulated within the upland gully,
landslide, and colluvial bank erosion category.
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estimate road surface and crossing erosion in other parts of the watershed, we multiplied road
length by three and crossing frequency by 1.5. In our modeling of road surface erosion, outside
of the three surveyed areas, we estimate that 50% of the road length is hydrologically connected
to channels, which corresponds to the average value measured by PWA in the three tributary
survey areas. Methods used to estimate sediment delivery from road-related erosion, including
data sources and assumptions, are described detail in a separate report titled Methods for
Estimating Rates and Sizes of Sediment Input to Channels and Spawning Gravel Permeability
(Napolitano, 2006).

5) Sediment Supply from Urban Stormwater Runoff

In developing an estimate for sediment supply from urban stormwater, we consider inputs from
construction activities for structural development projects, highway maintenance activities by the
California Department of Transportation, soil erosion at industrial facilities. We do not consider
soil erosion from existing residential and/or commercial parcels, and/or urban parklands.
Furthermore, considering the nature of construction activities, we assume that construction site
erosion dominates the total sediment supply from the urban stormwater runoff category.
Therefore, we did not separately estimate loads from highway maintenance activities or
industrial facilities. These inputs combined are assumed to be less than or equal to the total input
associated with construction activities.

In estimating sediment supply from construction activities for structural development projects,
we have assumed a typical sediment delivery ratio of 50 percent (e.g., 50 percent of the eroded
sediment is actually delivered to a stream channel). We also assume on average between 1994
and 2004, ground disturbance associated with construction was 100 hectares or less per year
(e.g., 40 acres per year), and average soil erosion rates were 250 metric tons per hectare (e.g.,
about 100 English tons per acre). Using these values, we calculate that average annual sediment
supply from construction activities was approximately 2000 metric tons per year. Assuming the
combined inputs from industrial facilities and highway maintenance are less than or equal to this
amount, we estimate that average annual supply from urban stormwater runoff was less than or
equal to 4000 metric tons per year between 1994 and 2004.

6) Size Distributions for Sediment Input from all Significant Delivery Processes

For sediment input to channels from gullies, shallow landslides, colluvial bank erosion, and road-
crossing erosion, during the summer of 2003, we collected and analyzed samples of colluvium
from toes of landslides at 12 sites selected to describe sediment grain-size distributions for each
of the four upland terrain units. Soil pits about 0.5-to-1.0 meters in diameter were dug with a
pick and/or shovel. Samples were collected on tarps, and dried in the field as needed. Hand
pressure was used to break apart cohesive aggregate of finer particles. Samples were then
processed by hand and wire brush in the field through 64 mm, 11.2 mm, and 2 mm sieves.
Particles collected on the 64 mm sieve were inspected visually to confirm that they were gravels,
and not cohesive aggregates of finer soil particles, prior to weighing in the field. Samples by
size class were then weighed with a hanging balance suspended from a tree. Splits, representing
about one-eighth of the total sample weight collected on the 11.2-and-2 mm sieves were also wet
sieved in the lab to insure that cohesive aggregates of finer particles were not represented in our
64-to-11.2 mm, and 11.2-to-2 mm size classes. The average weight of the sample collected at
each site was approximately 100 kilograms.
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For sediment input to channels from stream terrace bank erosion and channel bed erosion
(channel incision), we used available information describing grain size distributions for bed and
bank deposits collected at several locations along Napa River during the late 1980s (WET,
1990).

For sediment input to channels from road surface erosion (e.g., cut bank, inboard ditch, and the
surface of dirt roads), based on field observations of fine gravel deposits in inboard ditches, and
review of soil survey information for Napa County (USDA, 1978), we assume that inputs from
sheetwash erosion of cutbanks, inboard ditches, and surfaces of dirt roads are composed of 50
percent fine gravel, and 50 percent sand, silt, and clay.

For sediment input to channels from surface erosion of hillsides in vineyards and/or rangelands,
based on review of soil survey information (USDA, 1978) and field observations of grain sizes
comprising coarse lag deposits in the channels of rills and/or small alluvial fans, we estimate that
inputs are composed of 25 percent fine gravel, and 75 percent sand, silt, and clay.
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Table 4. Terrain Type Sediment Size Distribution

Cobbles and Coarse Gravel =64 | Fine Gravel =11.2 Sand, Silt, and
Terrain Type Samples Boulders > 64mm to11.2 mm to 2mm Clay <2mm
(percentage) (percentage) (percentage) (percentage)

Sandstones and
clayey rocks two samples;
(Great Valley mean wt.= 108.1 2 12 19 67
formation) kg
Sandstones and
clayey rocks one sample; wt. =
(Franciscan 224.7 kg 18 25 14 43
metagreywacke)
Franciscan mélange | two samples;
and sheared mean wt. = 197.3 4 32 55 9
serpentinite kg

. two samples;
ISa?/rAOH:) e\tN\S/oIcanlc mean wt. = 97.7 12 17 6 65

kg; Trso (2003)
Sonoma Volcanic ash two samples;
mean wt. = 30.9 11 50 Not measured Not measured

flow and tuff kg
Alluvial fans and Based on WET 10 20 40 30

valley fills

(1990)

NOTES: Considering small number of samples and small sample sizes, expected accuracy of estimated grain size distributions is poor. In the absence
of additional data, we assume that Sonoma volcanic tuff/ash-flows have identical size distribution as Sonoma volcanic flows. We did not use our sample
data because sample sizes were too small and sampling was truncated at 11.2 mm. We hypothesize that actual size distribution for tuffs/ash flows is

richer in fine gravel and poorer in coarse gravel than Sonoma volcanic flows.

Note: The above four size classes may have distinct influences on fisheries habitat conditions. Cobbles and boulders provide potential winter rearing
habitat for steelhead. Coarse gravel, 64 to 11.2 mm, is in the preferred size range for steelhead and salmon spawning. Fine gravel, < 11.2 to 2 mm, may
degrade quality of spawning and rearing habitat for steelhead and salmon by filling in the spaces between coarse substrate. Fine sediment (e.g., sand,
silt, and clay) may also degrade spawning and rearing habitat quality (e.g., primarily the sand fraction; very little silt or clay is deposited in gravel-
bedded reaches of Napa River and its tributaries), and/or contribute to suspended sediment concentration and/or turbidity. Boulders, cobbles, and gravels
derived (especially soft bedrock types) may be rapidly worn down into small grain sizes during transport through the channel.
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Calculation of Total Sediment Input Rate to Mainstem Napa River

The distribution and frequency of terrain types and occurrence of dams varies by position along
mainstem Napa River (Maps 1, 2, and 3). Therefore, to examine how geography of terrain types
and dams influences sediment supply to Napa River, we calculated total sediment delivery to the
channel network upstream o